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Abstract
/22¢cz
Simultaneous observations of proton (190 eV < E < 48 keV)
and electron (170 eV < E < 46 keV) differeﬁtial energy spectrums
'//during segments of three outbound traversals of 0GO 3 through
the magnetosphere for the period 11-15 June 196§/on L-shells

3.3 to 16 are presented. Proton intensities at L = 4 on

i

15 June 1966 were 8 X lO5 (c:m.g-sec—sr)-l (330 < E < 530 eV),
< 1.5 X 16° (al-sec-sr)™F (4.7 < E < 7.6 keV) and < 10°
(cm.e-sec-sr)_l (16 <E <26 keV) and at L = 7.5 were

<5 X 10” (cm2-sec—sr)-l (330 <E <530 eV), 4 X 106
(cm?-sec-sr)-l (4.7 <E < 7.6 keV) and 6 X 106 (cm.2-sec-sr)'l
(16 < E < 26 keV) with local pitch angles 78° (+ 4°) and at a
geomagnetic latitude 23° (+ 1°). Peak intensities of protons
(30 < E < L8 keV) were observed at L ~ 7.0. A preliminary
order-of-magnitude estimate of the total energy of trapped
protons/ (190 eV < E < 48 keV) within the earth's magnetosphere
is 5 x lO21 ergs and the estimated contribution from this low-
energy proton distribution to the quiet-time terrestrial ring

current field at the earth's surface is ~ -10 y. A transient,

narrow peak of relatively high low-energy proton and electron

e/ R st



intensities within the energy range ~ 300 eV to 2 keV at L ~ 4
with width AL ~ 1 is also observed. Typical characteristics
of proton and electron intensity 'spikes' at peak intensities
in the late evening sector of the earth's magnetic tail are

(a) approximately equal proton (190 eV < E < 48 keV) and
electron (170 eV < E < L6 keV) energy densities, ~ 1077
erg(cm)_5 each, (b) approximately equal proton and electron
densities over the above energy range, ~ 1 (cm)—5 each, and

(c) largely dissimilar differential energy spectrums, proton
spectrums with intensity peaks noncoincident in energy with
those of the electron intensity peaks and significantly broader
(harder) in the high-energy tail (E > 3 keV) than the relatively

steep (soft) electron spectrums in this energy range.




I. Introduction

Qbservations of low-energy protons and electrons over
the energy range extending from approximately 100 eV to 100 keV
within the earth's magnetosphere are essential toward the under-
standing of many magnetospheric phenomena including the terrestrial
ring currents, the acceleration processes responsible for the
corpuscular radiation precipitated into the aurcoral regions,
the plasmas within the earth's magnetic tail, and the sources
of higher energy protons and electrons populating the earth's
radiation zones. This initial survey of low-energy electrons
and protons over geocentric radial distances ranging from 3 RE
to 15 Ry (RE, earth radius) with measurements cbtained with a
sensitive electrostatic analyzer device borne on the earth-
satellite 0GO 3 is intended to provide an introduction to several
of the characteristics of the spatial distributions of electrons
and protons over an energy range 200 eV to 50 keV within the
earth's magnetosphere near the magnetic equatorial plane. The
search for the terrestrial ring currents by in situ measurements
is continued in the present investigation [cf Davis, 1965;

Hoffman and Bracken, 1965; Cahill, 1966; Frank, 1966a] during a



period of relative magnetic quiescence, and several features
of the charged particle distributions at the boundary of
durable trapping of charged particles by the geomagnetic field
at geocentric radial distances approximately 8 Ry in the
evening sector of the earth's magnetosphere are clarified.
Simultaneous observalious of the differential cnergy spectrums
of electrons and protons, separately, over the aforementioned
energy range are presented herein for regions in the earth's
magnetic tail and deep within the radiation zones and will be
important in delineating prominent acceleration mechanisms
providing 'local' acceleration of charged particles within the
earth's magnetosphere and its environs. The spirit of the
following discussion is directed toward an exploratory examination
of low-energy proton and electron intensities in the earth's

magnetosphere with unique and discriminative observations.



II. Description of Apparatus

0G0 3 (1966-L494A) was launched at 02:48 U.T. on 7 June
1966 into a highly eccentric orbit with initial apogee 128,500 km
and perigee 6,700 km geocentric radial distances, inclination
31° and period 48.6 hours. At launch the local time of the
direction from the center of earth to spacecraft apogee position
was ~ 22:00. A composite system of reaction wheels and gas
jets provided a predetermined, monitored orientation of the
various spacecraft coordinates with respect to the directions
from the satellite to earth and the sun and with respect to
the orbital plane. The University of Iowa instrumentation
includes four cylindrical-plate electrostatic analyzers to
select charged particle energy and continuous channel multipliers
(Bendix 'channeltrons') as charged particle detectors. Each of
the two pairs of electrostatic analyzers provides simultaneous
measurements of the intensities of protons and electrons,
separately, within the same energy bandpasses over an energy
range extending from approximately 100 eV to 50,000 eV. The
directions of the fields of view of these two pairs of electro-

static analyzers, designated as LEPEDEA's 'A' and 'B', are



orthogonal and are directed parallel to spacecraft body Cartesian
axes, + Z (toward earth during normal spacecraft operations) and
+ Y, respectively. Two EON type 215 Geiger-Mueller tubes

(1.2 mg(cm)-2 mica windows) were positioned in the instrument
package such that the directions of their collimated fields of
vicw were parallel *to those nf the electrostatic analyzer pairs.
More detailed descriptions of the instrumentation have been
given previously by Frank [1966b]. The energy bandpasses for
the proton and electron channels of LEPEDEA 'B' are summarized
in Table I (protons) and Table II (electrons). Observations
with the second pair of electrostatic analyzers, LEPEDEA 'A’,
will be reported in a forthcoming survey of the angular

distributions of low-energy protons and electrons.



TABLE I

0GO 5 LEPEDEA PROTON CHANNELS 'B'

ENERGY BANDPASSES

Proton Channel Energy Bandpass¥
3pB 90 - 150 eV
4pB 190 - 320 eV
5pB 330 - 530 eV
6pB 450 - 720 ev
TpB 690 - 1100 eV
8pB 1.1 - 1.8 kev
OpB 1.8 - 2.9 keVv

10pL 3.3 - 5.3 keV
11pB Y.7 - 7.6 kev
12pB 6.7 - 11 keV
13pB 11 - 18 keV
14pB 16 - 26 keVv
15pB 30 - L8 kev

*Analyzer constant is 7.6 eV (volt)-l




TABLE IT

0GO 3 LEPEDEA ELECTRON CHANNELS

ENERGY BANDPASSES*

IBI

Electron Channel

Energy Bandpass¥*¥

3eB 80 - 140 ev
LeB 170 - 300 eV
5eB 280 - 500 ev
6eB 380 - 680 ev
TeB 610 - 1100 eV
8eB 94ko - 1700 ev
9eB 1.5 - 2.7 keV
10eB 2.8 - 5.0 keV
1leB 4.1 - 7.2 kev
12eB 5.8 - 10 keV
13eB 9.8 - 17 kev
1heB 14 - 24 kev
15eB 26 - 46 kev
*See also Frank [1966b]

**¥Analyze

r constant is 7.3 eV (volt)-l
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ITI. Observations

An example of the LEPEDEA 'B' responses to low-energy
proton and electron intensities in the earth's magnetosphere
is provided in Figure 1 which displays the counting rate profiles
of channels 12eB (electrons, 5.8 < E < 10 keV) and 15pB (protons,
30 < E < 48 keV) and of the 213B G.M. tube as functions of magnetic
shell parameter L for the outbound pass of 0GO 3 on 13 June 1966.
Several useful position coordinates for these observations,
géomagnetic latitude (hm), solar magnetospheric latitude (GSM)
[Ness, 1965], and solar ecliptic latitude and longitude (eSE,
wSE) are shown in Figure 2. The motion of the spacecraft
during this period was characterized by a trace from L = 6.5
to 16 through the late evening sector of the earth's magnetosphere
at moderate solar ecliptic and solar magnetospheric latitudes
(GSE, Oy ~ 35°); the axes of the fields of view of the LEPEDEA
'B' electrostatic analyzers and of the 213B G. M. tube
were directed within < 30° of the anti-solar direction throughout
the pericd of cbservations shown in Figure 1 (see Appendix,

Table V). Although no comparison of these observations with

simultaneous measurements of the magnetic fields is provided
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here, all observations were obtained at geocentric radial
distances < 16 RE in the late evening sector of the magnetosphere
and can be positioned interior to the magnetopause with good
certainty by comparison of the 0GO 3 trajectory during this
period with IMP 1 observations of the position of the magneto-
pause [Ness, Scearce and Scek, 19AL4],

Salient features of the observations presented in Figure
1 include (a) a decrease in proton (30 < E < 48 keV) intensities
coincident with a decrease in electron (E > 45 keV) intensities
at L ~ 7.5 to 8.0, (b) an increase in electron (5.8 < E < 10 keV)
intensities by a factor ~ 4O coincident with the decrease in
electron (E > 45 keV) and proton (30 < E < 48 keV) intensities
at L ~ 7.5 to 8.0 and (c) the occurrence of intensity 'spikes'
beyond L ~ 9 in each of the three intensity profiles. These
sporadic increases in proton (30 < E < 48 keV) and electron
(5.8 <E <10 keV and E > 45 keV) intensities beyond L ~ 9 are
coincident within the resolution of the abridged set of observations
summarized in Figure 1. (For example, approximately 3 X lO3
individual telemetered samples of the responses of each of
these three channels, and of each of the remaining 63 channels

not displayed in Figure 1, are available during the period of
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this single segment of data.) Although several increases of

proton (30 < E < 4B keV) and electron (5.8 < E < 10 keV)

intensities occur without a measurable increase in electron

(E > 45 keV) intensities reflected in the responses of the

213B G.M. tube at L > 15, such an observation may be a mani-
restation of the generally decreasing character of the intensities

as a function of I, to intensity levels below the threshold of

the G.M. tube, ~ 2 X 100 (cm?-sec-sr)-l. The electron

(5.8 < E <10 keV) and proton (30 < E < 48 keV) intensities

are, in an average sense,decreasing with increasing L-value

beyond L ~ 8.0; these decreases in intensities from L ~ 8.0 to

15 are by factors ~ 200 and ~ 10, respectively, for the outbound
pass on 13 June 1966. The relatively high electron (5.8 < E < 10 keV)
channel counting rates over L ~ 7.5 to 15.5 shown in Figure 1 are
characteristic of the responses of the present instrumentation in the
region of large low-energy electron intensities in the dark hemisphere
of the magnetosphere beyond L ~ 8 reported by Gringauz and co-workers
[1960, 1963] and by Freeman [1964] (see Frank [1966b] for detailed
measurements of electron differential energy spectrums, energy
densities, omnidirectional integral intensities; ete.). For the
'spike’' of intensities at L ~ 15.2, typical electron

(170 eV < E < 46 keV) energy densities and number densities are
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3 (+1) x 1077 erg(cm)-5 and 0.7 (+ 2) electrons (cm)-3 and
typical proton (190 eV < E < L8 keV) energy densities and
number densities are L (+ 2) x 1077 erg(cm)_5 and 0.6 (+ 2)
protons (cm)_B, respectively. These values are judged to be
accurate within a factor of 2 (see Frank [1966b] for discussion
of calculations of these omnidirectional quantities). The
equalities of proton and electron energy densities and number
densities within the above energy ranges and experimental error
are characteristic of the present observations of the intensity
'spikes' observed in the midnight and evening sectors of the
magnetosphere but exceptions to this situation have already
been found and will be discussed in a later, more thorough
analysis.

The rapid decrease of electron (E > 45 keV) intensities
at L ~ 7.5 to 8.0 bracketed at lower L-values by a relatively
smooth, high intensity profile and at higher L-values by a
fluctuating, lower intensity profile as exemplified in Figure 1
has been interpreted as delineating the outermost boundary of
the durable trapping of charged particles in the magnetosphere
[ef Frank, 1966c; Anderson, 1965]. This interpretation is

further supported by the similar behavior of the profile of
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proton (30 < E < 48 keV) intensities and the discontinuity
in the electron (5.8 < E < 10 keV) intensity profile at
L ~ 7.5.

Another example of low-energy proton and electron
intensities as functions of magnetic shell parameter
L is shown in Figure 3 for L ~ 3.3 to 14.5 during the outbound
pass on 15 June 1966. Several useful coordinates for this
segment of data are displayed in Figure 4 and directions of
the axes of the fields of view are summarized in the Appendix.
The profiles of proton (450 < E < 720 eV and 16 < E < 26 keV)
and electron (1.5 <E < 2.7 keV) intensities shown in Figure 3
reveal several interesting features of the distributions of low-
energy charged particles within the magnetosphere, (a) a narrow
region of proton (450 < E < 720 €V) intensities centered at
L = L with width AL ~ 1, (b) significant proton (16 <E <
26 keV) intensities above background responses of the instru-
mentation in a region extending from L ~ 5.0 to 9.0, (c) a
third locale at L ~ 9 to 12 with relatively low proton
(450 < E < 720 eV and 16 < E < 26 keV) intensities but with
enhanced electron (1.5 < E < 2.7 keV) intensities, (d) a second
narrow maximum of proton (450 < E < 720 V) intensities centered

at L ~12.7 with width AL ~ 1, and (e) relatively constant
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intensities of electrons (1.5.§ E<a.7 keV) from L ~ 3.5 to 9.
Unidirectional proton intensities in eight energy bandpasses in the
energy range extending from 330 eV to U8 keV as functions of

L are presented in Figures 5, 6 and 7. It is easily noted that
(a) the narrow proton maximum at L ~ 4 is predominantly
ropulated by protons with energies < 2 keV, (b) proton

(E > 5 keV) intensities are concentrated in a region extending
from L ~ 5 to 10, (c) fine structure exists in the profiles

of proton (E < 26 keV) intensities beyond L ~ 8, attributable
to temporal and/or spatial variations in intensities, and

(d) there is a maximum in proton (30 < E < 48 keV) intensities
at L ~ 7, 4.5 x 106 (cm?-sec-sr)-l. Proton intensities at

L=14are8 x 10 (cmg-sec-sr)"l (330 < E < 530 V), < 1.5 X 106

6

(cm.g-sec:-sr)-l (4.7 <E < 7.6 keV) and < 10 (cm.e-sec-sr)_l

(16 <E < 26 keV); at L = 7.5 proton intensities are <5 x lOu
(cmg-sec-sr)_l (330 < E < 530 eV), 4 x 106 (cme-sec-sr)-l

(L.7T <E < 7.6 keV) and 6 ¥ 106 (cm?-sec-sr)_l (16 < E < 26 keV).
These unidirectional intensities were obtained at geomagnetic
latitude A_ = 22° (Figure 4) with local pitch angle a = 81°

(see Appendix) at L = 4.0, and Ny = 2h° with & = T4° at L = 7.5.

A further segment of observations of low-energy proton
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intensities within the magnetosphere is summarized in Figure 8
which displays the proton intensities in six discrete energy
bandpasses within the energy range 190 eV to 26 keV as

functions of L during the outbound pass on 11 June 1966 (refer

to Figure 9 and Appendix for several useful coordinates).

The transition of the character of these profiles with decreasing
bandpass energy from higher proton (5’3.5 E <26 key) intensities
at L < 10 to higher proton (190 < E < 720 V) intensities at

L > 10 over the L-value range, T to 13, is easily discernible.
Proton unidirectional intensities observed during this out-
bound pass are similar in magnitudes to proton intensities
measured at these L values during the outbound pass on 15 June |
(cf Figures 5, 6 and 7) although details in the structure of the
intensity profiles are dissimilar.

Simultaneous observations of the low-energy proton and
electron differential energy spectrums near the low-energy
proton maximum observed at L ~ 4 during the outbound pass on
15 June (see Figure 5) are shown in Figure 10. These electron
and proton spectrums monotonically increase with decreasing
particle energy with significant response above background

rates of the instrumentation to proton and electron intensities
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over the energy range extending from 190 eV to 1.8 keV and
280 eV to U6 keV, respectively. The monotonic decline of
the electron and proton spectrums with increasing energy over
the energy range extending from ~ 300 eV to 2 keV and the constant
ratio of the number density of protons and electrons per unit
energy interval, (dNe/“E)/(dNb/dE)-l = 1.6 (+ 0.7) where
(dNe/dE) is the differential number density of electrons, over
the above energy range suggest that these low-energy proton
and electron intensities are the signature of the high-energy
tail of a thermalized plasma with peak differential intensities,
%% > at E €200 eV. The energy densities and number densities
of electrons (170 eV < E < 2.7 keV) and protons (190 eV <E <
2.9 keV) are each & (+ 2) x 1077 erg(cm)_5 and 6 (+ 2) (cm)-B,
respectively. These low-energy proton and electron intensities
at L ~ 4 are a transient and variable feature of the distri-
bution of charged particles in this region and will be discussed
in a forthcoming investigation.

The results of a preliminary comparison of the present
observations of the proton differential energy spectrum over
the energy range extending from 1.8 keV to 48 keV on 15 June

1966 and Explorer 1L measurements of the proton (E > 97 keV)
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spectrum at L = 6.0 in late 1962 are summarized in Figure 11.
The proton differential energy spectrum labelled with Explorer
14 has been calculated from the integral energy spectrum at
L = 6.0, E.P.A. = 65° (E.P.A., equatorial pitch angle) reported
by Davis [1965]; the 0G0 3 observations shown in Figure 11 are
also for I, = 6.0 but with E.P.A. = 45°. This disparity in
values of E.P.A. will be reflected in the proton (E ~ 100 keV)
intensities by factors <2 [Davis, 1965]. Although the two
observations of proton spectrums do not overlap in energy and
are separated by a period of almost three years, no disturbing
disagreement is judged to be evident in the initial comparison
of spectrums displayed in Figure 11.

Two exemplary measw ements of the low-energy proton and
electron differential energy spectrums are shown in Figures 12
and 13 at positions in the late evening sector of the magnetosphere
at 10.5 R, on 15 June and at 15.9 Ry on 14 June 1966, respectively.
Salient features of these spectrums include (a) a proton spectrum
which is significantly broader than the simultaneously measured
electron spectrum and (b) noncoincidence of the differential
intensity peasks in proton and electron spectrums (for example,

the proton and electron intensity peaks are at ~ 1.5 keV and
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~ T00 eV, respectively, for the observations shown in Figure
12). Further, it is noted that the peak proton intensities

are not consistently occurring at higher energies than the

peak in electron intensities (see Figure 12) but also may occur
at lower energies (see Figure 13). For the electron and proton
cnergy spectrums displayed in Figure 12, the energy densities
and number densities of protons (190 eV < E < 48 keV) and
electrons (170 eV < E < 46 keV) are each L (+ 2) X 1077 erg(cm) -

and 1 (+ 0.5) (cm)-B, respectively.
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IV. Discussion

Several initial observations of low-energy proton and electron
intensities within the evening sector of the earth's magnetosphere
have been presented in the preceding discussion. Many features of
the cpatial distributions of these low-energy charged particles
within the energy range extending from ~ 200 eV to 50 keV are
self-evident upon perusal of the Figures. Each of the topics
which have been cursorily examined here will be dealt with in
future investigations with considerably more detail. However,
several characteristics of these spatial distributions of low-
enefgy proton and electron intensities are worthy of further
discussion.

It is of interest to compare the energy density of protons
(190 eV < E < L8 keV) observed during the outbound pass of 0GO 3
through the outer radiation zone on 15 June 1966 with the largest
reservoir of charged particle energy within the magnetosphere
which has been observed by direct detection to the present date
(protons, E > 97 keV [Davis, 1965]). These observations of
proton (190 eV < E < 4B keV) energy densities at Ay = 22°(+ 2°),

. 2
the corresponding magnetic field energy density B /8ﬂ, and




21

Explorer 14 measurements of proton (E > 97 keV) energy densities
at the geomagnetic equator during late 1962 are summarized for
several values of L in Table III. No geomagnetic storms were
reported during the period of the present 0GO 3 observations
[High Altitude Observatory Preliminary Report of Solar Activity,
TR 773] and these low-energy proton intensities are presumably
representative of the quiet-time proton distributions in the
outer radiation zone. Although the geomagnetic latitudes and
epochs of these two observations significantly differ it is
clearly instructive to compare the energy densities of these two
proton distributions. The ratios of proton (190 eV < E < 48 keV)
energy densities to proton (E.Z 97 keV) energy densities are

~ 4oy 1o'3

at L = 3.6 (near peak of proton (E > 97 keV) energy
density), ~1 at L = 5.7, and ~ 4 at L = 6.5. Hence at L ~ 3.5
protons within the energy range 190 eV to 438 keV provide an
insignificant contribution to the gquiet-time terrestrial ring
current relative to that of the proton (E > 97 keV) populations,
but for L > 5 the proton (190 eV < E < 48 keV) contribution to
the ring current on a given L-shell is similar or greater than

that attributable to proton (E > 97 keV) intensities. Since the

relative contribution of these two proton populations to the
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TABLE III

Comparison of OGO 3 Measurements of
Proton (190 eV < E < 48 keV) Energy Densities (15 June, 1966)
with Explorer 1k Observations of Proton (E > 97 keV) Energy Densities (1962)%

0G0 3 EXPLORER 1h#
1 Proton (190 eV < E < 48 kfg) g;’ erg(cm)_j** Proton (E > 97 keV)
Energy Density, erg(cm) Energy Density,

Ay = 22° (+ 2°) My = 22° (+2°) erg(cm)-5
A, = O°

5.6 1.4 x 1077 5.5 x 1070 3.2 x 1077

k.7 5.0 x 1077 1.4 x 107° 1.1 x 1077

5.2 2.1 x 1078 8.4 x 1077 5.6 X 1078

5.7 2.8 x 1070 5.2 x 107/ 3.2 x 1070

6.5 3.9 x 1070 2.3 x 1071 9.6 x 1077
7.5 3.4 x 107 1.0 x 1077 oo
8.2 L.1 x 1070 5.7 X 1078 - - -
9.5 1.3 x 10'8 2.0 x 10'8 - - -
10.0 7.1 % 1077 1.3 X 10'8 | - - -

*¥Davis [1965]
**Jensen and Cain [1962]
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quiet-time terrestrial ring current is approximately proportional
to the ratio of their total kinetic energies [cf Parker, 1966], it
is also instructive to estimate the magnitude of the reservoir of
kinetic energy of the proton (190 eV < E < 48 keV) distribution.
The total kinetic energy of protons (E.z 97 keV) within the earth's
magnetosphere has been shown to be ~ 6 X 1021 ergs [Hoffman and
Bracken, 1965]; an order-of-magnitude estimate of the total proton
(190 eV < E < 48 keV) kinetic energy for the observations reported
here, assuming azimuthal symmetry over I = 5 to 10 and a dependence
of the observed energy densities (Table III) upon geomagnetic
latitude Ny by factors < 3 over Ny = 0° to 30°, is ~ 5 X lO21 ergs,
or approximately the same magnitude as the trapped proton

(E_z 97 keV) energy reservoi-. Hence it is quite likely that the
proton (190 eV < E < 4B keV) contribution to the quiet-time

Proton ring current is similar to that due to the outer zone

protons (E > 97 keV), ~-10 y (1 7 = 107

gauss) at the surface
of the earth [cf Hoffman and Bracken, 1965]. Further inspection
of Table III and comparison of the OGO 3 measurements of proton
(190 eV < E < 48 keV) energy densities with the magnetic field
energy density, where B has been calculated at the satellite

position with the Jensen and Cain [1962] coefficients derived
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from survey data at the earth's surface, show that the proton
(190 eV < E < 48 keV) energy densities should contribute
substantially to the distortion of the geomagnetic field for

6 <L <10. Comparison of simultaneous 0GO 3 measurements of the
vector magnetic field with the above observations of charged
particle inteusitles is wital in determining the detailed effect
of this low-energy proton distribution upon the local magnetic
fields.

A narrow peak of relatively high low-energy proton and
electron intensities within the energy range ~ 300 eV to 2 keV
at L ~ 4 with width AL ~ 1 has been observed during several
0G0 3 traversals of the outer radiation zone (see Figures 3 and
5). The absence of the intensity peak at these L-values during
many of the segments of data through this region which have
been perused to date indicates that measurable intensities of
these low-energy protons and electrons are a transient phenomena.
The proton and electron differential energy spectrums share a
common slope and an almost equal number density per unit energy
interval and monotonically increase with decreasing energy over
the energy range extending from ~ 300 eV to 2 keV, which suggest

that these spectrums may be the signatures of the high energy
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tail of a thermalized plasma with peak differential intensities

at E £ 200 eV. The energy densities and number densities of
electrons (170 eV < E < 2.7 keV) and protons (190 eV < E < 2.9 keV)
are equal, 4(+ 2) x 1077 erg(cm)-5 and 6(+ 2) cm—B, respectively,
at the peak intensities on L ~ 4. The total inventory of charged
rarticle kinetic energy over the above energy range in this region
is inadequate to contribute significantly to a quiet-time
terrestrial ring current.

All observations of low-energy protons presented here are
in agreement with the upper limits on proton intensities in this
energy range obtained with an electrostatic analyzer borne on
IMP-1 as reported by Wolfe, Silva and Myers [1966]. These low-
energy proton intensities observed with OGO 3 are near or below
the intensity threshold of the IMP 1 instrument. The threshold
omnidirectional intensity for the IMP 1 apparatus is 7.2 X 1ou
(cm2-sec-ev)—l at 600 eV [Wolfe, et al, 1966]; the threshold
omnidirectional intensity for the 0GO 3 LEPEDEA 'B' instrument is
2.5 x lO2 (cm.e-sec-ev)"l at 585 evV.

First simultaneous observations of proton and electron

differential energy spectrums over the energy range extending
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from ~ 200 eV to 50 keV in the late evening sector of the

earth's magnetic tail are displayed in Figures 12 and 13.
Observations of intensity 'spikes' of electrons (E > 45 keV)
associated with the high-energy tails of the electron spectrums
have been reported by Frank [1965], Anderson [1965] and

Anderson and Ness [10AA]. Several observations of the electron
(350 < E < 20 keV) spectrums at ~ 17 Ry with the Vela satellites
have been summarized by Coon [1966], and measurements over the
energy range extending from ~ 100 eV to 50 keV in the earth's
magnetic tail at geocentric radial distances 8 RE to 20 RE

have been recently reported by Frank [1966b}. Typical character-
istics of these intensity 'spikes' at peak intensities

(refer to Figure 13 for exemplary proton and electron
differential energy spectrums) are (a) approximately egqual
proton (190 eV < E < 48 keV) and electron (170 eV < E < L6 keV)
energy densities, ~ 1077 erg(cm)—3 each, (b) approximately equal
proton and electron number densities over the above energy range,
~1 (cm)-5 each, and (c) largely dissimilar differential energy
spectrums, proton spectrums with intensity peaks noncoincident
with those of the electron intensity peaks and significantly

broader (harder) in the high energy tail (E > 3 keV) than the
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relatively steep (soft) electron spectrums. Typical omnidirectional
~ intensities of protons (E > 190 eV) and electrons (E > 170 eV)
in the maxima of these intensity 'spikes' beyond ~ 10 RE are
~ 5 X 107 (cmg-sec)-l and ~ 107 (cm?-sec)_l, respectively.
Finally, it is noted here that the peaks of proton
(30 <E < 4B kev, 16 < E <26 keV, and 11 < E < 18 keV)
intensities occur,in a coarse manner, on lower L-shells with
increasing proton energy (see Figure 7), which may be
characteristic of radial diffusion of protons within this energy
range [cf Nakada, Dungey and Hess, 1965]. For proton energies
E <11 keV (see Figures 5 and 6) this increase of the L-shell
coordinate of the ‘average' peak of intensities with decreasing
proton energy is not clearly evident. Further mapping of these
low-energy proton intensities and a comprehensive survey of

the temporal variations in intensities are now in progress.
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Appendix

The following Tables summarize the directions of the
axis of the LEPEDEA 'B' field of view in several useful
coordinate systems for the three consecutive outbound passes
of 0GO 3 through the earth's magnetosphere presented in the

preceding discussions.

TABLE IV

11 JUNE 1966 (OUTBOUND)

Setellite Position, Axis directed along:
L Solar-ecliptic | Solar-magnetospheric | Pitch angle¥,
Osm PsE Osm Pa ax
8 -Le 186° -ke 186° 76°
10 -8° 101° -T° l92f 71°
12 -12° 195° -10° 196° 65°
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TABLE V

15 JUNE 1966 (OUTBOUND)

Sé.teilite Position, Axis directed along:

L Solar-ecliptic | Solar-magnetospheric { Pitch angle¥,

OsE PsE O Pam oxx

7 -1° 182° -1° 182° T7°

8 -3° 185° -3° 185° 75°

10 -8° 190° -7° 191° T0°

12 -12° 19k4° -10° 195° 63°

1k -16° 197° -13° 198° 55°

16 -19° 198° -18° 199° L8°
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TABLE VI

15 JURE 1966 (OUTBOUND)

Satellite Position, Axis directed along:

L Solar-ecliptic | Solar-magnetospheric| Pitch angle*,

®E PsE O Pom o

L 5° 168° 5° 168° 81°

5 3° 174° 3° 17he 79°

6 1° 178° 1° 178° T7°

8 -3° 185° -3° 185° T3°

10 -7° 189° -6° 191° 68°

12 -11° 193° -9° 194° 62°

1 -15° 196° -13° 197° 55°

¥B derived from Jensen and Cain [1962] coefficients

**Convention: if particle velocity vector v H B , @ &0°



31

Acknowledgements

The author is indebted to Dr. J. A. Van Allen for his
support throughout the various phases of this research. The
efforts of D. C. Enemark, N. K. Henderson, R. H. Gabel, W. W.
Stanley, R. DN. Carlson, R. F. Randall, R. L. Swisher and
D. Klumpar during the design and construction phases, L. Shope
and C. Brues of the University of Iowa during the computer
analysis phase, and Dr. G. H. Ludwig, Dr. E. Mercanti,

D. Krueger, E. Moyer and many other members of the Goddard

Space Flight Center personnel during the multitudincus phases

of spacecraft integration and launch operations are acknowledged
with great pleasure.

This research was supported in part by the National
Aeronautics and Space Administration under Grant NsG-233-62
and Contract NAS5-2054 and by the Office of Naval Research

under Contract Nonr-1509(06).




32

References

Anderson, K. A, Energetic electron fluxes in the tail of the

geomagnetic field, J. Geophys. Res., 70, L7h1-L763,

1965.
Anderson, K. A., and N. T'. Ncoo, Corrclation of magnetiec fields
and energetic electrons on the IMP 1 satellite,

J. Geophys. Res., 71, 3705-3727, 1966.

Cahill, L. J., Inflation of the magnetosphere near 8 earth

radii in the dark hemisphere, J. Geophys. Res., 11,

4505-4519, 1966.
Coon, James, Vela satellite measurements of particles in the
solar wind and the distant geomagnetosphere, Radiation

Trapped in the Earth's Magnetic Field, ed. by B. M.

McCormac, D. Reidel, 231-255, 1966.
Davis, L. R., Low energy trapped protons and electrons,

Proceedings of the Plasma Space Science Symposium,

ed. by C. C. Chang and S. S. Huang, 214-226, 1965.
Frank, L. A., A survey of electrons E > 40 keV beyond 5 earth

radii with Explorer XIV, J. Geophys. Res., 70, 1593-

1626, 1965.



33

Frank, L. A., Explorer 12 observations of the temporal variations
of low-energy electron intensities in the outer radiation

zone during geomagnetic storms, J. Geophys. Res., 11,

4631-4639, 1966a.
Frank, L. A., Initial observations of low-energy electrons in
the earth's magnetosphere with 0G0 3, accepted [or

publication (September), J. Geophys. Res., 1966b.

Frank, L. A., Observations of magnetospheric boundary phenomena,

Radiation Trapped in the Earth's Magnetic Field, ed. by

B. M. McCormac, D. Reidel, 422-4L46, 1966c¢.
Freeman, J. W., The morphology of the electron distribution in
the outer radiation zone and near the magnetospheric

boundary as observed by Explorer XII, J. Geophys. Res.,

69, 1691-1723, 196k.

Gringauz, K. I., V. G. Kurt, V. I. Moroz, and I. S. Shklovskii,
Results of observations of charged particles observed
out to R = 100,000 km, with the aid of charged-particle
traps on Soviet space rockets, Astron. Zh., 37, 716-735

(1960; translation in: Soviet Astronomy-A.J., 4, 680-

695, 1961).




3k

Gringauz, K. I., V. V. Bezrukikh, L. S. Musatov, R. E. Rybchinsky,
and S. M. Sheronova, Measurements made in the earth's
magnetosphere by means of charged particle traps aboard

the Mars I probe, Space Research, IV, 621-626, 1963.

Hoffman, R. A., and P. A. Bracken, Magnetic effects of the

t time proten kelt, J. Geovhys. Res., 70, 354l1-

1S
wa o

3556, 1965.
Jensen, D. C., and J. C. Cain, An interim geomagnetic field

(abstract), J. Geophys. Res., 67, 3568-3569, 1962.

Nakada, M. P., J. W. Dungey, and W. N. Hess, On the origin of

outer-belt protons, 1., J. Geophys. Res., 70, 3529~

3532, 1965.

Ness, N. F., The earth's magnetic tail, J. Geophys. Res., 70,

2989-3003, 1965.
Ness, N. F., C. S. Scearce, and J. B. Seek, Initial results of

the IMP-1 magnetic field experiment, J. Geophys. Res.,

69, 3531-3569, 196k.
Parker, E. N., Particle effects in the geomagnetic field,

Radiaticn Trapped in the Earth's Magnetic Field, ed. by

B. M. McCormac, D. Reidel, 302-320, 1966.




35

Wolfe, J. H., R. W. Silva, and M. A. Myers, Observations of the

solar wind during the flight of IMP 1, J. Geophys. Res.,

71, 1319-1340, 1966.




Figure

Figure

Figure

Figure

Figure

36

Figure Captions

1. The responses of two of the 0GO 3 LEPEDEA 'B’
(LEPEDEA, Low Energy Proton and Electron Differential
Energy Analyzer) chamnels, electrons (5.8 < E < 10 keV)

and protous {(3C

(I

T < 18 keV), and of the thin-windowed
215B G.M. tube as functions of magnetic shell parameter

L for the outbound pass on 13 June 1966.

2. Several useful position coordinates for OGO 3 on

13 June 1966 (outbound pass, Figure 1).

3. Responses of three of the 0GO 5 LEPEDEA 'B' channels,
protons (450 < E < 720 eV and 16 < E < 26 keV) and
electrons (1.5 <E < 2.7 keV) as functions of L for the
outbound pass on 15 June 1966.

4. Several useful position coordinates for 0G0 3 on

15 June 1966 (outbound pass, Figure 3).

5. Unidirectional intensities of protons (330 < E <530 eV,
450 <E <720 eV and 1.8 <E < 2.9 keV) as functions of

L for the outbound OGO 3 traversal of the outer radiation

zone. Intensities are plotted as ®, upper limits as O.
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6. Continuation of Figure 5 for protons (4.7 < E < 7.6 keV
and 6.7 < E < 11 keV).

7. Continuation of Figure 5 for protons (11 < E < 18 keV,
16 < E < 26 keV and 30 <E < 48 keV).

8. Proton unidirectional intensities within six energy

bandpasses ol LEPEDEA 'B' as [uuctions of L for L ~ 7.5

to 12.5 as observed during the outbound pass on 11 June
1966.

9. Several useful position coordinates for OGO 5 on

11 June 1966 (outbound pass, Figure 8).

10. Simultaneous observations of low-energy proton and
electron differential energy spectrums at L = 3.9,

07:04 U.T. on 15 June 1966.

11. Comparison of 0GO 3 observations of the proton

(1.8 <E < 48 keV) differential energy spectrum on

15 June 1966 with Explorer 14 measurements of the proton
(E > 97 keV) spectrum in late 1962 as reported by Davis
[1965] at L = 6.0, Ay =24°. (E.P.A., equatorial pitch angle).
Omnidirectional intensities of protons (1.8 < E < L8 keV)

8

are 2 (+ 1) x 10 (cmg—sec)—l at this position in the

outer radiation zone.
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12. Simultaneous observations of proton and electron
spectrums at geocentric radial distance 10.5 RE on

15 June 1966. If these spectrums are described by a
power law, g% = kE-n, for E >3 keV, then n ~ 1.8
for the proton spectrum and n ~ 3.8 for the electron
spectrum. (See also Figure 3 for position relative to
charged particle distributions.)

15. An example of simultaneous observations of proton
and electron spectrums in the late evening sector of

the earth's magnetic tail at 15.9 Ry on 1k June 1966.

The sun-earth-probe (satellite) angle,f;_SEP, was 139°,
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2 keV at L ~ L with width AL ~ 1 is also observed. Typical characteristics
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equal proton (190 eV < E < 48 keV) and electron (170 eV < E < 46 keV)
energy densities, ~ 10'9erg(cm)_3 each, (b) approximately equal

proton and electron densities over the above energy range, ~ 1 (cm)_3

cech, and (c) largely dissimilar differential energy spectrums,

proton spectrums with intensity peaks noncoincident in energy with

those of the electron intensity peaks and significantly broader

(harder) in the high-energy teil (E > 3 keV) than the relatively

steep (soft) electron spectrums in this energy range.



